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202 O4 210 
N A} N204 N M208 M206 

RFID Item Item Item Type Material Weight 
Tag Type Type (grams) 
Serial Index Ind6x 
Number 

00001 2 1 16 02 glass 100 

>< bottle 00002 1 2 1 gallon plastic 50 
container 

00003 3 
3 12 oz can aluminum 5 

00004 3 

4 750 ml glass 140 
00005 5 bottle 

5 1/2 gallon plastic 25 
container 

Flgure 2A Flgul'e 2B 
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8 28 24 36 

Tag Version Domain Object Class Unique 
Number 302 Manager |dentifier 306 Identifier 308 

Identi?er 304 

F lg u re 3A 

210 208 206 
M304 M306 N ,V 

Domain Object Item Type Material Weight 
Manager Class (grams) 
Identi?er Identi?er 

Company A 1 16 oz bottle glass 100 

Company A 2 12 oz can aluminum 5 

Company B 1 12 oz can aluminum 5 

Company B 2 750 ml bottle glass 140 

Company B 3 U2 gallon plastic 25 
container 

Figure 3B 
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502 210 208 504 506 508 
IV N M IV I\/ A/ 

Bale Item Type Material Bale 'Purity Status 
ID Weight (by 

(pound) weight) 

00045 16 oz bottle glass 111 97% In store 

00046 12 oz can aluminum 100 94% Sent to buyer A 

00047 12 oz can aluminum 101 92% In store 

00048 750 m1 bottle glass 122 87% In store 

00049 1/2 gallon plastic 98 90% Sent to buyer B 
container 

t 500 

Figure 5 
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SYSTEMS AND METHODS FOR 
MEASURING THE PURITY OF BALES OF 

RECYCLABLE MATERIALS 

RELATED APPLICATION 

[0001] This application is related to the following copend 
ing and commonly assigned patent application, Which is 
incorporated herein by reference in its entirety: “Systems 
and Methods for Indicating a Quality of Grouped Items,” 
having application Ser. No. and attorney docket 
105452-314, and ?led on Sep. 6, 2006. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] Embodiments of the present invention relate to the 
?eld of collecting recyclable materials and, more particu 
larly, to systems and methods for determining the compo 
sition and purity of a quantity of recyclable materials. 
[0004] 2. Background Description 
[0005] To meet the groWing problem of post-consumer 
goods disposal, many recyclable post-consumer goods are 
collected from the curbside and sent to a material recovery 
facility (MRF). MRFs are facilities Where mixed recyclable 
materials are sorted and baled for sale, and generally serve 
as drop-off and gross-sorting (and limited processing) points 
for recyclable materials, so that sorted recyclable materials 
can be transported, for example, to a facility for subsequent 
processing. 
[0006] Recyclable materials generally enter a MRF either 
in a single stream or dual stream. A single stream MRF may 
receive a mixture of commingled containers that may be 
made of glass, plastics, and/or metals, and ?ber material that 
may include old neWs print (ONP) (e.g., neWspaper and 
neWspaper inserts), old corrugated paper (OCC), old tele 
phone directories (OTD), old magaZines (OMG), junk mail 
and/or of?ce paper. A dual stream MRF generally has 
separate commingled container and ?ber material streams. 
[0007] Generally, recyclable materials arriving at MRFs 
can be sorted into individual material categories, such as 
glass, plastic, steel, aluminum, paper, cardboard, and the 
like. In addition, clear glass can be separated from colored 
glass, and plastics can be separated by type and color. 
Materials such as plastic, steel, aluminum, paper, and card 
board, can then be baled in a standard manner. Bales can be 
stored at an MRF until a buyer, such as a glass plant or paper 
recycling facility, purchases them. 
[0008] While traditional MRFs typically utiliZe a dual 
stream con?guration, the desire to reduce labor and other 
operational costs has been an impetus behind the trend 
toWard single stream MRFs. HoWever, sorted recyclable 
materials produced by single stream MRFs can have a 
higher contamination level than sorted recyclable materials 
from dual stream MRFs. Thus, for example, bales of sorted 
plastic from a single stream MRF may have an average 
purity of 95% by Weight, Whereas bales of sorted plastic 
from a dual stream MRF may have an average purity of 97% 
by Weight. 
[0009] In knoWn systems, bale-speci?c information 
regarding purity is not generally ascertainable until you 
break open the bale. Accordingly, bales are typically sold 
based on physical accessibility of the bales Within a MRF at 
the time of shipment. Lack of information pertaining to the 
purity of the bales can result in bales being rejected by the 

Mar. 13, 2008 

purchaser and returned to a MRF, or doWngraded by the 
purchaser. This forces MRFs to absorb the cost associated 
With the returned bale(s), or to refund a portion of the sales 
price, particularly for bales emanating from single stream 
MRFs that generally have higher contamination rates than 
bales emanating from dual stream MRFs. 
[0010] We have discovered that systems and methods for 
accurately and ef?ciently measuring the composition and 
purity of a bale and providing veri?able bale-speci?c infor 
mation are needed. Such systems and methods can be used 
to ensure the purity of bales, increase customer satisfaction, 
and generate price premiums for the bales that are deter 
mined to have, for example, a higher than average level of 
purity. 

SUMMARY OF EMBODIMENTS OF THE 
INVENTION 

[0011] Embodiments of the present invention relate to 
systems and methods for measuring the purity of bales of 
recyclable material. Various embodiments of the present 
invention use radio frequency identi?cation (RFID) tech 
nology to determine the composition of a bale of Waste items 
and to calculate the purity of a bale of recyclable material. 
[0012] In one embodiment of the present invention, a 
system includes a radio frequency identi?cation (RFID) 
reader con?gured to obtain identi?cation information from a 
plurality of RFID tags respectively attached to at least a 
portion of a plurality of items. A computer is con?gured to 
receive the identi?cation information, and use the identi? 
cation information to identify the items having a RFID tag 
attached thereto, and determine a percentage of a desired 
type of item With respect to the plurality of items. The 
system also include an optical counter for counting a total 
number of the plurality of items. 
[0013] The computer calculates a measurement of purity 
that includes a percent Weight of items of the desired type 
among the plurality of items With respect to a total Weight of 
the plurality of items. The system also includes or utiliZes a 
scale for measuring the total Weight of the plurality of items. 
[0014] The computer is further con?gured to calculate a 
total Weight of items of the desired type by identifying each 
of the items of the desired type using the identi?cation 
information and determining a combined Weight of each of 
the identi?ed items. The computer is also con?gured to 
calculate a total Weight of items of the desired type by 
identifying each item other than the items of the desired type 
among the plurality of items using the identi?cation infor 
mation, and subtracting a Weight of each of the identi?ed 
other items from the total Weight of the plurality of items. 
[0015] The system also includes or utiliZes a baler that 
creates a bale comprising the plurality of items. The com 
puter includes or utiliZes a repository for storing identi?ca 
tion information of a bale that includes the plurality of items, 
and, in connection With the identi?cation information of the 
bale, the percentage of the desired type of item With respect 
to the plurality of items. 
[0016] The system also includes or utiliZes a RFID tag 
programmer con?gured to Write the percentage onto a RFID 
tag associated With the bale. The system also includes or 
utiliZes a second RFID reader that reads the identi?cation 
information of the bale from the bale RFID tag, Wherein the 
computer receives the identi?cation information and updates 
the repository indicating that the bale is no longer available. 



US 2008/0061125 A1 

[0017] In another embodiment of the present invention, a 
method includes reading identi?cation information from a 
plurality of RFID tags respectively attached to at least a 
portion of a plurality of items, and receiving the identi?ca 
tion information at a computing device that identi?es each of 
the items having a RFID tag attached thereto. A percentage 
of a desired type of item is calculated With respect to the 
plurality of items. The method also includes baling the 
plurality of items to form a bale, and Writing the calculated 
percentage onto a RFID tag associated With the baled items. 
The percentage pertains to a quantity of items of the desired 
type among the plurality of items With respect to a total 
quantity of the plurality of items. 
[0018] The method also includes Weighing the plurality of 
items. When Weighing the plurality of items, the calculated 
percentage pertains to a percent Weight of items of the 
desired type among the plurality of items With respect to a 
total Weight of the plurality of items. 
[0019] In addition, the method includes attaching to the 
bale a RFID tag having the calculated percentage Written 
thereon, and storing in a data repository the calculated 
percentage. The data repository can be updated to re?ect that 
a particular bale is no longer available. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The Detailed Description of the Invention, includ 
ing the description of various embodiments of the invention, 
Will be best understood When read in reference to the 
accompanying ?gures Wherein: 
[0021] FIG. 1 is an exemplary block diagram of an 
embodiment of a purity measurement system; 
[0022] FIG. 2A is an exemplary data repository of a serial 
number contained on a radio frequency identi?cation 

(RFID) tag; 
[0023] FIG. 2B is an exemplary data repository providing 
product information respectively associated With the RFID 
tag serial numbers shoWn in FIG. 2A; 
[0024] FIG. 3A is a 96-bit EPCTM structure that can be 
used in conjunction With one or more embodiments of the 
present invention; 
[0025] FIG. 3B is an exemplary repository that utiliZes at 
least a portion of the data contained in FIG. 3A; 
[0026] FIG. 4 is an exemplary arrangement of an optical 
reader that can be used in conjunction With one or more 
embodiments of the present invention; 
[0027] FIG. 5 is an exemplary data repository that con 
tains bale speci?c information; and 
[0028] FIG. 6 is an exemplary ?oW chart illustrating a 
method for measuring the purity of bales of recyclable 
materials. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] FIG. 1 is a block diagram depicting purity mea 
surement system 100 that can be used in a material recovery 
facility (MRF). System 100 includes general purpose com 
puter 120, Which in turn includes purity measurement soft 
Ware 122 and application data repository 124. System 100 
also includes RFID reader-counter 128, and tag programmer 
126. 

[0030] Computer 120 can include industry standard com 
ponents (not shoWn), such as a user interface (e.g., a 
keyboard and a mouse) and display (e.g., a monitor), a 
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processor, a storage device such as a standard hard disk, a 
CD-ROM and/or CD-RW drive(s), a clock device for pro 
viding timestamp data, and/ or standard interfaces (e. g., USB 
ports). 
[0031] FIG. 1 also includes ?nal sort container 130, scale 
136, and baler 138. Container 130 contains Waste items 132, 
Which can be glass containers, plastic containers, aluminum 
containers, ferrous items, ?ber products such as paper and 
cardboard, and/or other types of Waste items. Container 130 
can be any type of container for collecting Waste items 132, 
132a, 1321). 
[0032] Waste items 132 can have item RFID tags 134 
af?xed. Each of RFID tags 134 can contain identi?cation 
information, such as a digital serial number identifying the 
corresponding recyclable item, and/or information regarding 
the type of the item. RFID reader-counter 128 can be used 
to count items 132 going into container 130, and, read tags 
134 in order to extract the identi?cation information con 
tained therein. RFID reader-counter 128 can send the 
extracted identi?cation information to computer 120, Which 
utiliZes purity measurement softWare 122 and repository 124 
to obtain information regarding Waste items 132, such as 
item Weight and type of material. 
[0033] Reader-counter 128 can be a commercially avail 
able RFID tag reader system, such as the TI RFID system, 
manufactured by Texas Instruments Incorporated (Dallas, 
Tex.). RFID reader-counter 128 is positioned so that RFID 
tags 134 of Waste items 132 are Within its effective range. 
Waste items 132 are used to form or generate a bale 140. 
Multiple bales of Waste items can be stored at a MRF as 
inventory before they are sold and removed from the MRF. 
[0034] Purity measurement softWare 122 uses repository 
124 to analyZe identi?cation information obtained from tags 
134 using RFID reader 128. Repository 124 can include 
information regarding different types of Waste items 134, 
such as item Weight and type of material (e.g., glass con 
tainer, plastic container, aluminum container, or paper prod 
uct). In addition, repository 124 can also include any other 
information, such as information regarding bales stored at 
the MRF. 
[0035] FIGS. 2A and 2B, taken together, illustrate one 
example of repository 124. FIG. 2A is a table indexed by 
serial numbers 202 and associating serial numbers 202 With 
item type indexes 204. FIG. 2B is a table indexed by item 
type indexes 204. The table in FIG. 2B contains information 
relating to Weight 206, type of material 208, and item type 
210 for various types of items 132. Therefore, in this 
example, using a serial number 202 identifying a recyclable 
item, softWare 122 can cross-reference repository 124 to 
determine the Weight 206 and type of material 208 of the 
recyclable item. If the serial number is 00004, as shoWn in 
FIG. 2A, softWare 122 can determine that the corresponding 
item 204 is a 12 ounce aluminum can 210 Weighing 5 grams 
206. 
[0036] Implementation of repository 124 is not limited to 
the example illustrated in FIGS. 2A and 2B; various imple 
mentations of repository 124 can be used to achieve the 
same results. The implementation of repository 124 may 
also vary depending on the type of identi?cation information 
contained in RFID tags 134. 
[0037] For example, FIG. 3A, generally at 300, illustrates 
the Electronic Product Code (EPC), Which is a standard 
format for storing identi?cation information in RFID tags. 
The EPC is designed to replace the Universal Product Code 
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(UPC) currently utilized in conjunction With barcodes. An 
EPC-96 code has four components: 

[0038] (a) an 8-bit tag version number 302, indicating the 
tag type (e.g., 96-bit EPC Class 1); 
[0039] (b) a 28-bit domain manager identi?er 304, such as 
a number specifying the entity that administers the tag code 
(e.g., “ABC Co.”); 
[0040] (c) a 24-bit object class identi?er 306, such as a 
number specifying the type of product the RFID tag is 
attached to (e.g., “16 OZ. Coca-Cola bottle”); and 

[0041] (d) a 36-bit unique identi?er 308, Which is a 
number that, in combination With the other EPC compo 
nents, uniquely identi?es the tag (and object). 
[0042] If RFID tags 134 utiliZe, for example, the EPC as 
illustrated in FIG. 3A, or a similar or related technique, 
repository 124 can be implemented accordingly. For 
example, repository 124 can include a table as illustrated in 
FIG. 3B, containing entries indexed by the 28-bit domain 
manager identi?er 304 and the 24-bit object class identi?er 
306. Entries in the table can also include Weight 206 and 
type of material 208 associated With a certain type of 
recyclable item. Therefore, in this example, after receiving 
an EPC-96 code containing domain manager identi?er 304 
representing Company B and object class identi?er (306) 1, 
softWare 122 can cross reference the table in FIG. 3B and 
determine that the corresponding item is a 12 ounce alumi 
num can Weighing 5 grams. 

[0043] Certain Waste items, such as items 132a, 1321) 
illustrated in FIG. 1, may not have RFID tags 134 respec 
tively attached thereto. For example, paper products, such as 
neWspaper and/or cardboard, may typically not have RFID 
tags 134 attached thereto. For these items, as illustrated in 
FIG. 4, an optical counter 402 can be utiliZed to count the 
number of Waste items 132 that Will be included in any 
particular bale. An optical counter 402, such as the MSS 
SapphireTM or MSS AladdinTM optical sorters, manufactured 
by MSS, Inc., Nashville, Tenn., can be used. When a MSS 
SapphireTM or MSS AladdinTM optical sorter is used, optical 
counter 402 can be arranged to receive items from conveyor 
system 404. When items 132, 132a, 1321) move toWard 
container 130 on a conveyer system 404 to be collected and 
baled, optical counter 402 can be utiliZed to count items 132 
having RFID tags 134 a?ixed thereto, as Well as items 132a, 
1321) that do not have an RFID tag a?ixed thereto. 

[0044] Scale 136 can be used to Weight items 132, 132a, 
1321). Scale 136 can be a general industrial Weighing scale, 
such as the Siltec WS2000L, distributed by Precision Weigh 
ing Balances (Bradford, Mass.). 
[0045] Returning noW to FIG. 1, baler 138 can be used to 
transform loose items 132 to a baled commodity, as repre 
sented by bale 140, upon Which a bale RFID tag 142 can be 
af?xed. Baler 138 can be any standard equipment that is used 
to compress and bind a recyclable material, such as alumi 
num, plastic or paper items 132, 132a, 1321). Baler 138 can 
be, for example, a 1060><DVB Baler by Wastecare Corpo 
ration (Atlanta, Ga.), Which is an industrial, high-capacity, 
high-volume baler. Bale 140 includes items 132, 132a, 1321) 
that are bound tightly or Wrapped, as is the industry standard 
for recyclable materials. Bale RFID tag 142 is an RFID tag 
device that can be Written by tag programmer 126. Tag 
programmer 126 can be a reader/Writer device, such as the 
SkyeModuleTM M1 device supplied by SkyeTek, Inc. (Boul 
der, Colo.), that can Write information to RFID tag 134. 
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[0046] Additionally, FIG. 1 depicts transport vehicle 110, 
Which in turn includes computer 112, RFID reader 114, 
communications link 116, and onboard scale 118. Vehicle 
110 is, for example, a conventional hauling truck that is used 
to carry and deliver recyclable material bales. Typically, 
vehicle 110 picks up recyclable material from an originator 
point such as a MRF and delivers the recyclable material to 
an aWaiting customer, such as a glass or paper recycling 
facility. 
[0047] Onboard computer 112 can be a general-purpose 
computer. In some embodiments, computer 112 is a mobile 
computing device, such as one supplied by Glacier Com 
puting (NeW Milford, Conn.) or by Mobile Computing Corp. 
Inc. (Mississauga, Ontario), that is physically integral to 
vehicle 110. Computer 112 can include industry standard 
components (not shoWn), such as a user interface and 
display, a processor, a storage device such as a standard hard 
disk, a CD-ROM and/or CD-RW drives, a clock device for 
providing timestamp data, and/or standard interfaces (e.g., 
USB ports) for connecting to reader 114, scale 118, and/or 
communications link 116. 
[0048] RFID reader 114 can be a commercially available 
RFID tag reader system, such as the TI RFID system, 
manufactured by Texas Instruments (Dallas, Tex.). In one or 
more embodiments, RFID reader 114 is a Wired or Wireless 
handheld reader that can be easily moved by an operator of 
vehicle 110. In one or more embodiments, RFID reader may 
be separate from (e.g., removable from) transport vehicle 
110. 

[0049] Communications link 116 can be any standard 
Wired or Wireless communications device and/or netWork 
that alloW data to be exchanged betWeen computer 112 and 
computer 120. Onboard scale 118 can be any commercially 
available scale mechanism, such as the Weigh-in motion 
Weighing system, supplied by Mobile Computing Corp. Inc. 
(Mississauga, Ontario). 
[0050] In operation, RFID reader-counter 128 reads items 
RFID tags 134 af?xed to items 132 before or after they are 
deposited into ?nal sort container 130. Software 122 utiliZes 
repository 124 (e.g., as illustrated in FIGS. 2A, 2B, and 3B) 
to identify items 132. Furthermore, softWare 122 determines 
a measurement of purity of items 132, as Will be described 
in connection With FIG. 5. In addition, scale 136 can obtain 
and transmit the combined Weight of items 132, 132a, 1321) 
to computer 120, Which can store the combined Weight in 
repository 124. 
[0051] Baler 138 receives items 132, 132a, 1321) Within 
container 130, and transforms items 132, 132a, 1321) into 
bale 140 in a standard manner. Tag programmer 126 can 
Write bale speci?c information (e.g., purity measurement 
determined by softWare 122) onto bale RFID tag 142. 
[0052] As bale 140 is loaded onto vehicle 110, bale RFID 
tag 142 can be read by RFID reader 114. Onboard scale 118 
can also be used to Weigh bale 140. Onboard computer 112 
can store the bale speci?c information and transmit the 
information to computer 120 via communications link 116, 
so that computer 120 can keep track of Which bales have 
been loaded onto vehicle 110 and Which bales remain at the 
MRF. 
[0053] For example, FIG. 5 is a table 500 containing bale 
speci?c information that can be stored in repository 124. The 
table includes entries representing bales created in the MRF. 
An entry in the table can include a bale ID 502, the type of 
items 210 in the corresponding bale, the type of material 208 
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in the bale, the Weight of the bale 504, and a purity 
measurement 506 (e.g., a Weigh percent) for the bale. An 
entry in table 500 can also include a status ?eld 508 
indicating Whether the corresponding bale is still in the 
MRF, or Whether it has been shipped out to a buyer. 
[0054] FIG. 6 is a How chart illustrating a method 600 for 
measuring the purity of bales and of recyclable materials. 
The folloWing describes method 600 as being performed 
using system 100, generally With reference to FIG. 1. 
[0055] At step 610, a number of Waste items 132, 132a, 
1321) are received. Items 132, 132a, 1321) can be the output 
of a sort process, and therefore can include a high percentage 
of objects of the same type. For example, items 132, 132a, 
1321) can include a high percentage of aluminum containers. 
HoWever, the sort process can be imperfect, so that a 
relatively small percentage of contaminants or other material 
types (e.g., glass containers, paper products), With or With 
out RFID tags 134 af?xed thereon, can be present. 
[0056] At step 612, a sort criterion can be established 
using purity measurement softWare 122. A sort criterion can 
specify one or multiple types of material that is intended to 
be included in bale 140 that includes items 132, 132a, 1321). 
Measurement of the purity of bale 140 can be based on the 
percentage of items 132 that satisfy the sort criterion, or the 
percentage Weight of items 132 that satisfy the sort criterion. 
Waste material or items 132a, 1321) not satisfying the sort 
criterion may be vieWed as contamination. Different pur 
chasers of bales may require different purity levels. For 
example, one purchaser of aluminum bales may require a 
maximum of 2% contamination (by Weight or item count), 
While another may be Willing to accept up to 5% contami 
nation. 

[0057] At step 614, items 132, 132a, 1321) are identi?ed 
and counted. RFID reader-counter 128 counts the number of 
items 132 that have RFID tags 134 af?xed thereon, and reads 
identi?cation information, such as Weight 206, from tags 
134. If desirable, optical counter 402 can be utiliZed to count 
the total number of items 132, 13211, 132b, as discussed in 
connection With FIG. 4. If optical counter 402 and RFID 
reader-counter 128 are used in combination, the number of 
items 132 that have RFID tags 134 attached thereon and the 
number of untagged items 132a, 1321) can both be ascer 
tained. Identi?cation information obtained by reader-counter 
128 can be stored in repository 124. 

[0058] If it is determined at decision step 618 that the 
number of untagged items 132a, 1321) is not negligible, then, 
at step 616, the total Weight of items 132, 132a, 1321) can be 
measured by scale 136 and stored in repository 124. At step 
622, the Weight percent is calculated based on the Weight 
206 information obtained in step 614 and the total Weight 
obtained in step 616. 
[0059] For example, if the sort criterion of step 612 is set 
as plastic containers, softWare 122 can query repository 124 
using the identi?cation information from each RFID tag 
134, to determine the type 210 and Weight 206 of each 
corresponding item. SoftWare 122 can then sum the Weight 
of each of items 132 that is determined to be a plastic 
container to obtain the total Weight of plastic containers. The 
percentage Weight of items that satis?es the sort criterion 
can then be calculated as: 

X :(2 Wi)/ T WEIGHT 

[0060] Where X is the percentage Weight of the items that 
meet the sort criterion; 

[0061] W, represents the individual Weight of each item 
that meets the sort criterion; and 
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[0062] TWEIGHT is the total Weight of all items 132, 13211, 
132b, as captured by scale 136. 
[0063] If RFID reader-counter 128 reads and accounts for 
10,000 plastic containers, and repository 124 indicates that 
each container Weighs 0.05 pounds, then the total Weight of 
plastic containers is 500 pounds. If scale 136 records the 
Weight in container 130 as being approximately 560 pounds, 
the purity measurement can then be calculated, according to 
the above formula, as X:(500 pounds)/(560 pounds):0.89 
(and 11% contaminants). 
[0064] Unlike plastic containers, glass bottles often break 
during a sort process, resulting in untagged broken glass 
pieces being received at step 610, as Well as tagged pieces 
that have less Weight than What the tags indicate. HoWever, 
by statistical approximation, the total Weight of the glass 
pieces can be calculated by summing the Weight of the 
original unbroken bottles. Therefore, the Weight percent may 
be calculated as described above. 

[0065] The sort criterion of step 612 may also be set to a 
type of items 132a, 1321) that do not have RFID tags a?ixed 
thereon. For example, Waste items received in step 610 may 
include mostly of paper products that are untagged. If the 
number of untagged items 132a, 1321) excluding the paper 
products is negligible, the total Weight of the paper products 
can be calculated by subtracting the Weight of items 132 
from the total Weight of items 132, 132a, 1321) obtained in 
step 616. The Weight percent can then be calculated by 
dividing the total Weight of the paper products by the total 
Weight of items 132, 132a, 1321). 
[0066] If at decision step 618 it is determined that the 
number of untagged items is negligible (e.g., if optical 
counter 402 in FIG. 4 counted substantially the same number 
of items as counted by reader-counter 128 in FIG. 1), then, 
at step 620, softWare 122 can determine or approximate the 
purity of bale 140 in terms of the Weight percentage of 
certain types of recyclable items Without measuring the total 
Weight of items 132, 132a, 1321) as in step 616. This is a 
consequence of the total Weight of items 132, 132a, 1321) 
being approximated by summing the calculated Weight of 
each of items 132. For example, softWare 122 may query 
repository 124 using identi?cation information 202 obtained 
from each of RFID tags 134 to determine the Weight of each 
of items 132. The percentage Weight can then be approxi 
mated by calculation by dividing the total Weight of items 
132 that meet the sort criterion by the total Weight of all 
items 132. 
[0067] Other measurements of purity, such as the percent 
age of items 132 that meet the sort criterion of step 612, may 
also be calculated. For example, after step 614, softWare 122 
can query repository 124 using identi?cation information 
202 obtained from each of RFID tags 134 to determine a 
material type for each of items 132 that has an RFID tag 
af?xed thereon, and count the number of items 132 for a 
particular material type speci?ed in the sort criterion. The 
percentage of items 132 that meet the sort criterion of step 
612 can be calculated as folloWs: 

[0068] Where X is the percentage of items that meet the 
sort criterion; 

[0069] RFIDCl is the number of items that meet the sort 
criterion; and 

[0070] RFIDC2 is the number of items that do not meet 
the sort criterion. 
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[0071] As an example, the sort criterion may be set as 
aluminum containers. Assuming that all (or substantially all) 
aluminum containers have tags 134 attached thereto, soft 
Ware 122 determines that 10,000 items meet the sort crite 
rion. In step 614, the total number of items 132, 132a, 1321) 
is determined to be 10500 (i.e., there are 500 other items, 
tagged or untagged). At step 620, the percentage of items 
132 that meet the sort criterion is therefore, 

X:RFIDC1/(RFIDC1+RFIDQ) 

x:10,000/(10,000+500) 

X:0.95 or 95% aluminum containers (and 5% other) 

[0072] At step 624, the purity measurement can be stored 
in repository 124. At step 626, items 132, 132a, 1321) in 
container 130 can be loaded into baler 138 and compressed 
into bale 140. 
[0073] At step 628, computer 120 can retrieve data that 
represents the contents of bale 140 from repository 124 (e.g., 
the sort criterion, total Weight, and/or the purity measure 
ment calculated) and use tag programmer 126 to Write this 
data to bale RFID tag 142, Which can be af?xed to bale 140. 
Computer 120 may further update MRF bale inventory 
information, so MRF personnel are informed or can access 
repository 124 to determine, for example, that a bale With 
certain purity has been added to the MRP bale inventory. 
[0074] At step 630, bale 140 With tag 142 af?xed thereon 
can be loaded onto vehicle 110. At step 632, vehicle RFID 
reader 114 can read tag 142, and onboard computer 112 can 
store the data obtained from tag 142. 
[0075] At step 634, data read from RFID tags (e.g., tag 
142) associated With bales (e.g., bale 140) that are loaded on 
vehicle 110 can be transferred from onboard computer 112 
to computer 120 via communications link 116. This data 
represents all bales loaded on vehicle 110. Computer 120 
may further update MRF inventory information (e.g., as 
illustrated in FIG. 5), so MRF personnel can knoW exactly 
Which bales remain in the MRP inventory. 
[0076] Other embodiments, extensions, and modi?cations 
of the ideas presented above are comprehended and Within 
the reach of one skilled in the art upon revieWing the present 
disclosure. Accordingly, the scope of the present invention 
in its various aspects should not be limited by the examples 
and embodiments presented above. The individual aspects 
of the present invention, and the entirety of the invention 
should be regarded so as to alloW for modi?cations and 
future developments Within the scope of the present disclo 
sure. The present invention is limited only by the claims that 
folloW. 

1. A system, comprising: 
a radio frequency identi?cation (RFID) reader con?gured 

to obtain identi?cation information from a plurality of 
RFID tags respectively attached to at least a portion of 
a plurality of items; and 

a computer con?gured to receive the identi?cation infor 
mation, and use the identi?cation information to iden 
tify the items having a RFID tag attached thereto, and 
determine a percentage of a desired type of item With 
respect to the plurality of items. 

2. The system of claim 1, further comprising an optical 
counter for counting a total number of the plurality of items. 

3. The system of claim 1, Wherein the computer calculates 
a measurement of purity comprising a percent Weight of 
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items of the desired type among the plurality of items With 
respect to a total Weight of the plurality of items. 

4. The system of claim 3, further comprising a scale for 
measuring the total Weight of the plurality of items. 

5. The system of claim 3, Wherein the computer is further 
con?gured to calculate a total Weight of items of the desired 
type by identifying each of the items of the desired type 
using the identi?cation information and determining a com 
bined Weight of each of the identi?ed items. 

6. The system of claim 3, Wherein the computer is further 
con?gured to calculate a total Weight of items of the desired 
type by identifying each item other than the items of the 
desired type among the plurality of items using the identi 
?cation information, and subtracting a Weight of each of the 
identi?ed other items from the total Weight of the plurality 
of items. 

7. The system according to claim 1, further comprising a 
baler that creates a bale comprising the plurality of items. 

8. The system of claim 1, Wherein the computer comprises 
a repository for storing identi?cation information of a bale 
comprising the plurality of items, and, in connection With 
the identi?cation information of the bale, the percentage of 
the desired type of item With respect to the plurality of items. 

9. The system of claim 8, further comprising a RFID tag 
programmer con?gured to Write the percentage onto a RFID 
tag associated With the bale. 

10. The system of claim 9, further comprising a second 
RFID reader that reads the identi?cation information of the 
bale from the bale RFID tag, Wherein the computer receives 
the identi?cation information and updates the repository 
indicating that the bale is no longer available. 

11. A method, comprising: 
reading identi?cation information from a plurality of 

radio frequency identi?cation (RFID) tags respectively 
attached to at least a portion of a plurality of items; 

receiving the identi?cation information at a computing 
device that identi?es each of the items having a RFID 
tag attached thereto, and calculating a percentage of a 
desired type of item With respect to the plurality of 
items; 

baling the plurality of items to form a bale; and 
Writing the calculated percentage onto a RFID tag asso 

ciated With the baled items. 
12. The method of claim 11, Wherein the percentage 

pertains to a quantity of items of the desired type among the 
plurality of items With respect to a total quantity of the 
plurality of items. 

13. The method of claim 11, further comprising Weighing 
the plurality of items. 

14. The method of claim 13, Wherein the calculated 
percentage pertains to a percent Weight of items of the 
desired type among the plurality of items With respect to a 
total Weight of the plurality of items. 

15. The method of claim 11, further comprising attaching 
to the bale a RFID tag having the calculated percentage 
Written thereon. 

16. The method of claim 15, further comprising storing in 
a data repository the calculated percentage. 

17. The method of claim 16, further comprising updating 
the data repository to re?ect that a particular bale is no 
longer available. 


